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Abstract 



A method and apparatus for nneasuring essentially real-time concentrations of gaseous contaminants 
exiting a semiconductor processing chamber (10). A small volume of exhaust gases from the processing 
chamber (10) is drawn through one or more microsensors (56). The microsensors (56) are selected to 
measure gaseous contaminants such as moisture, oxygen, carbon dioxide, or combinations thereof. In 
situ monitors comprising a thin film sensor are preferred. The in situ monitors preferably can be 
selectively communicated with the exhaust gases from the processing chamber (10) and process gases 

which bypass the processing chamber (10). I 
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1. Title of Invention 



IN SITU MONITORING OF CONTAMINANTS IN 
SEMICONDaCTOR PROCESSING CHAMBERS 
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2. ClainiB 



.1 . A method for measuring contaminantB in a semiconductor processing chaniber, comprising 
the steps of: 

flowing exhaust guises from the processing chamber through one or more microsensors; and 
measurii^ essentially real-time concentrations of one or more contaminaiLts. 

2. The method of claim 1, wherem at least one microsensor comprises a thin film sensor. 

3. The method of claim 1, wherein at least one microsensor is an in situ monitor which 
comprises a quartz crystal coated with baiiunu 

4. The method of claim 1 , wherein a dedicated pump draws exhaust gases from the processing 
chamber through the microsensor. 

5. The meAod of claiin l. ftnther comprising the step of selectively communicating the 
microsensor with the exhaust gases flowing from the processing chamber. 

6. A method for measuring one or more gaseous contaminants in a semicxinductor processing 
chamber, compnsizig the stqps of: 

evacnating the processing chamber with a high vacuum pump; and 
selectively communicating one or more tn situ monitois with exhaust gases flowing from the 
processing chamber and process gases bypassing the processing chamber. 



7. 



The method of claim 6» wherein at least one in situ monitor conqmses a thin film sensor. 
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8. The method of claim whexem at least one in situ iiranitor camprises a quaitz crystal coated 
with barium. 

9. The method of claim 6, wherein the real-time concentration of water is continuously 
meaauxed. 

10. The method of claim 6, whemn the processing chamber is a PVD processing chamber. 

11. An apparatus for measuring contaminants in a semiconductor piocessing chamber, 
oomprismg; 

a processing chamber^ and 

one or more microsensoxs, at least one micosensor positioned to receive exhaust gases fiom 
the processing chamber and measure essentially real-time concentrations of one or more 
contaminants. 

1 2. . The apparatus of claim 1 1, wherein at least one microsensor comprises a thin film sensor. 

13. The apparatus of claim 1 1, wherein at least one miciosensor is an ui situ monitor which 
compiises a quartz cr3^tal coated widi barium. 

14. The apparatus of claim 1 1, wherein a dedicated pump draws a portion of the exhaust gases 
torn the processing chamber Enough the microsensor. 

15. The apparatus of claim II, further compiislng one or more valves for selectively 
commumcating the microsensor with the exhaust gases. 
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16. An apparatus for mcasurnig contaminants in a scmiccaductor proccGsmg chamber, 
compirinngy 

a processing chamber con^sing a gas inlet and aa exhaust port; 
a source of one or more process gases connected to the gas inlec; 
a high vacuum pump connected to the exhaust port; 
one or more in situ monitors; and 

one or more vaJves positioned to selectively commuaicate the in situ monitors with the 
source of one or more process gases and a portion ofgues exhausted ftom the piDcessmg chamber. 

1 7. The apparatus of claim l<5» wherein at least one in situ monitor comprises a thin film sensor, 

1 8. The apparatus of claim 1 6, therein at lease one in situ moniiDr comprises a quartz crystal 
coated with barium. 

19. The apparatus of claim 16, wherein at least one in situ monitor measures essentially real- 
time cGocentrations of moisture. 

20. The apparatus of claun 1 6| wherein the processmg chamber is a PVD processing chamtrer. 



(10) 

P9 8AM-0 3 7 
3. Detailed Descriplion of Invention 



^$^¥10-335249 
{5/1 2) 



BACKGROUND OFTHE INVENTION 

Pieltt of Miglnvgntion 

The present invention relates gcncially to devices and medKxIs for measuiing contaminants 
In a process stream. More particularly, the present invention relates to devices and methods foi 
meAsunng contaminants in processing chambers used to make semiconductors. 

Bftgkyroifd of the Tavenrton 

A device cuirently used to measure contaminants in a semiconductor processing chamber is 
a residual gas analyzer (KG A) which prefoably includes quadropole technology. For monitoring 
of contaminants at processing pressures^ a dedicated tuibo pump draws chamber gases through a 
control valve or a limiting orifice into the analyzer. Such a residual gas analyzer is buDEy and 
expensive, and is general^ incqjabte of monicoring contaminants m process gases prior to their entry 
into the chamber. 

Figure I (Prior Art) is a schematic diagram of a semiconductor processing chamber 10 which 
is initially evacuated by a roughing pump 12 through an open shut-off valve 14, A high vacuum 
pump 16, such as a cryogenic pump, then evacuates the chamber 10 through a control gate valve 1 8 
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by closing the shUt-ofT vaNe L 4 and opening a sccoad sliiitK>fr valv« 20. The high vacuum pump 
16 continues to piunp the chamber 10 during processing of semiconductor wafers. One or more 
processing gaae9 (two shown) are selectively provided to the processing chamber 1 0 throiigji a final 
inlet valve 22 or directly to the roughing pump 12 through a bypass valve 24. The pnxress gases are 
typically supplied fiom gas cylinders 26, 28 thn3Ugh cylinder shul-off valves 30, 32. The flow rate 
of the gases is typically controlled with mass flow controllers 34, 36. Three way valves 38, 40 can 
be used to selectively flow the process gases to the chamber 1 0 or to the roughing pump 12. Bach 
three way valve may he replaced by a tee and two shut-off valves positioned on tbe outlets. 

An in situ moisture analyzer 42 may be used to monitor the process gases prior to entering 
the chamber 10. A piefened moisture analyzer has a thin fihn of barium coated on a quartz crystal 
microbalancc sensor and is conunercially available &oni Millipore Coiporafion under the trademark 
ILM1I9. United States Patents Nos. 5,339,675 and 5,411, 7\ 6 describe thin film sensors fox monitoring 
moisture in process gasses which are inlet to semiconductor processing chambers. 

A residual gas analyzer 44 measures contaminancs within the processing chamber 10. 
ContamiZLants typically of coin: em include moisture^ oxygen, and carbon dioxide. A dedicated tmbo 
pump 46 draws a small volume of gases &om the chamber 10 through a control valve 4S« or a 
limiting orifioe. Sampling of the gases in the chamber 10 is selected by a shut-off valve wfucfa 
connects the tuibo pump 46 and the roughing pump L2. 

The residual gas analyzer 44 does not operate at increased pressures such as the regimes 
t>irically found in process gas lines which supply the processing chamber 10. Additional monitors 
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for process gases are typically used to monitor contaminants in the process gases. Therefore, there 
exists a need for an apparatiis and method for measuring contaminants in either process gasses or 
in a processing chamber. 

Siimmatv i>f the rnvention 

The present invention provides a method and apparatus for essentially in siru monitoring of 
contaminants witliin a semiconductor processing chamber. According to a method and apparatus 
of the present invention, a small volume of exhaust gases are drawn ttirough one or more 
miccosensoES by a dedicated smaller Ugfi vacuum pump. The nucroscnsots are selected to measure 
gaseous contaminants such as moisture, oxygen, carbon dioxide, or combinations thereof. In siiu 
monitors comprising a thin film sensor are preferred The in situ monitors are readfly configured 
to select measurement of contaminants in process gases or in the processing chamber. 

Brief Pesc riprioB of the Drawinga 

So that the manner in which the above recited features, advantages and objects of the present 
invention axe attained and can be understood in detail, a nuKe particular description of the invention, 
briefly summarized abcve, may be bad by reHsrencc to the embodiments thereof which are illustrated 
in the appended drawings. 
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It 18 tb be noted, however, Ibat the appended drawings illiistxate only typical exabodixncnts 
of this invention and are diereforB not to be considered limiting of its scope, for the invention may 
admit to other equaHy effective embodiments. 

For a Sattkec undeistanding of the present invention, xeference should be made to the ensuing 
detailed description. 

. Pftfalled DtMiptipn fff tt<; iBvyntion 

The present invention provides an apparatus for measuring contaminants in a semiconductor 
processing chamber, the apparatus comprising a processing chamber, and one or more microscnsors, 
wherein the microsensors are positioned to receive exhaust gases torn the processing chamber and 
measure essentially real-time concentrations of one or more oontamtnanta. A small volume of 
exhaust gases are drawn through one or more microsensors by a dedicated smaller high vacutnn 



4 * 



(14) 4t^T1 0-335249 

SSS^ : P9 8 AM-0 3 7 (9/1 2) 

pump. The microsensors are selected to measure gaseous oontaxninants such as moisture, oxygen, 
carbon dioxide, or combinatioiis fhereofl In situ inonitors comprising a thin film sensor are 
prefeired. 

The apparatus of the inventicn preferably comprises a processing chamber compridng a gas 
inlet and an exhausl port a source of one or more process gases connected to the gas inlet* a high 
vacuum pump connected to the exhaust port, one or mors in situ monitofs* and one or more valves 
positioned to selectively communicate the in siiu monitors with the source of one or more piooesG 
gases and a portion of gases exhausted from die processing chamber. 

The presGOt invention provides a method for measuring contaminants in a semiconductDr 
processing chamber, comprising die steps of flowing exhaust gases from the processing chamber 
through one or more microsensors, and measuring essentially real-time concentrations of one or 
more contaminants. The method of the invention preferably comprises the combined steps of 
evacuating the procesang chamber with a high vacuum pump, and selectively communicadng one 
or more in situ monitors with exhaust gases flowing from die processing chamber and process gases 
bypasdng the processing chamber. 

The method and apparatus can be used with any processing chamber, and is ideally suited 
for the low pressures and high ten^eratuics encountered in physical vapor deposition of metal layeis 
on semiconductor wafers. 

Further description of the invention will be directed toward specific embodiments. 
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Figure 2 is a schematie diagram of a semiconductor piocessing chamber 10 wbich is initially 
evaeoaled by a toughing pump 12 through an open shutHsfT valve 14. A high vacuum pump 52, isuch 
as a cryogenic pump, then evacuates the chamber 10 (brough a control gate valve 54 by closing tbe 
shut-ofF valve 14 and opening a second shut-off valve 20, The high vacuum pump 16 continues to 
pump the chamber 10 during processing of semiconductor wafers. One or mors source gases (two 
shown} arc sdcctivcly pzovided to the processing chamber 10 through a final inlet valve 22 or 
directly to the roughing pxmip 12 through a bypass valve 24. The process gases are typically 
supplied from gas cylinders 26, 2S through cylinder shut-off valves 30, 32. The flow rate of the 
gases is typically controlled with mass flow controllers 34. 36. Three way valves 38, 40 are used 
to selectively flow the ptocess gases to the chamber 10 or to the roughing pump 12. Each three way 
valve may be replaced by a tec and two shut -off valves positioned on the tec outlets. 

A miccDScnsor moisture analyzer 56 is positioned to selectively communicate with the somce 
of process gases or a poitkm of exhaust gases fmm the chamber 10 through a first three-way vaJve 
5S and a second three-way valve 60. The process or exhaust gases are drawn throu^ the 
microsensor by a dedicated pump 66, and the flow rate is controlled by a needle valve 62. or an 
orifice having adjustable conductance. A shut-off valve 64 isolates the microsensor 56 from the 
roughing pump 12 when desired. Altemativciy, die shut-ofif valve could isolate the microsensor 56 
from the high vacuum pump, and a small tuibomolecular pump or a drag pump would be 8u£Gci«nt 
to draw the process gas or the chamber exhaust through the monitor. 
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Microsensors for other gaseous oontaininBiils can supplement or replace the moisture 
analyzer 56. Preferred in situ motutors have a thin fibn sensor which absoibs the gaseous 
contaminant. A ptcfctred moisture analyzer has a thin fibn of barium coated on a quartz oystal 
microbalance sensor and is commercially available from MiUipore CorpofatioiL Monitors for other 
gaseous contaminants include Titanium based microsensois for monitoring Oxygen. 

Figure 3 is a schematic diagram of the semiconductor processing chamber 10 and the 
mitaoBCDSor 56 of Figure 2 wherein the first and second three-way valves 58, 60 are replaced by a 
four-way valve 68 which selectively conununicates the micioscnsor 56 with the source of process 
gases and a portion of exhaust gases from the chamber. 

The microsensor 56 preferably measures contaminants exitmg the procesdng chamber 10 
during processing of wafers after the processing chamber is evacuated by the roughing pump 12 and 
the high vacuum pump 52. Contaminants in the inlet gases may be monitored as desired after the 
inlet gas lines are evacuated by the roughing pump 12. During wafer processing, monitoring of inlet 
process gases and chamber exhaust gases is selected by simultaneously switching the first and the 
- seeond three-way valves 58, 60 (Fig- 2) oi the four-way valve 68 (Fig. 3). 

While the foregoing is directed 1o a preferred cmbodunent of die present invention^ other and 
ftuther embodiments of the invention may be devised \ntfaout depar^g from thebaac scope thereof; 
and the scope thereof is determined by the claims which fbUow. 
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Figure I (Prior Art) is a schematic view of a sezniconduciior processing chaznber having a 
micrasensor measuxing the moisture content of inlet gases and a residual gas analyzer measuring 
gaseous contaminants eidtiixg the processing chamber; 

Figure 2 is a schcmadc view of the scmicoDductor processing chamber having a microsenscv 
which selectively communicates with the inlet ga^es and exhaust gases to meastJie gaseous 
contanunants entering and exiting the processing chambes; and 

Figuie 3 is an altonative schematic view of the semicoDductor processing diamber and the 
mierosensor of Figure 2. 
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1. Abstract 



Abstract of the Disclosure 



A method and apparatus for measuring essentially real-time concentrations of gaseous 
contaminants exiting a semiconductor processing chamber. A small volume of exhaust gases from 
the pmcessing chamber is drawn through one or more microsensocs. The microsensdrs are selected 
to measure gaseous coctaminants such as moisture, oxygen, caibon dioxide, or combinations thereof! 
In situ monitors comprising a thin film sensor are preferred. The in situ monitors prrferably can be 
selectively communicated widi the exhaust gases from the processing chamber and process gases 
which bypass the processing chamber. 



2. Representative Drawing 



